a higher rate of postoperative erectile dysfunction, tunical incision, preferably with grafting, and offers an excellent surgical option.
INTRODUCTION
Peyronie's disease (PD) has been defined as a fibrotic wound-healing disorder of the tunica albuginea. 1 Causes of PD include blunt penile trauma and trauma incurred during sexual intercourse though up to 70% of the condition is idiopathic. 2 Characteristic features of the condition include penile curvature, penile plaques, hourglass defects, penile hinging/instability, and penile shortening 3 and it is often associated with erectile dysfunction (ED). The curvature of the penis itself and the pain associated with erections can cause difficulties with sexual intercourse 4 and loss of penile length and inability to have intercourse lead to a considerable psychological burden for the patient, with a negative impact on quality of life. [5] [6] [7] Studies have estimated prevalence rates ranging from approximately 3% to 9% [8] [9] [10] [11] and have shown that prevalence increases with age.
Several pharmacological treatments exist to treat PD but have shown variable degrees of success. 12 Surgery is therefore still considered the gold standard for definitive treatment in stable patients with penile deformity leading to impaired sexual function. 13 The aim of surgery should be to allow the patient to resume his normal sexual relationship.
14 Current treatment algorithms indicate that, in men with curvatures over 60° and good erectile function, who are willing to risk
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Use of a lyophilized bovine pericardium graft to repair tunical defect in patients with Peyronie's disease: experience in a clinical setting a score on the Sexual Health Inventory for Men (SHIM) ≥24, and penile curvature >65°. A total of 114 patients did not meet the inclusion criteria for many different reasons (older patients, not enough curvature, two or more risk factors, etc.) (Figure 1) . Curvature was measured before and after the intervention using a standardized procedure applied by the same technician. Informed consent was obtained from all patients included in this study.
The preoperative evaluation included history and physical examination and administration of a validated questionnaire (Sexual Health Inventory for Men [SHIM] 15 ) to evaluate the erectile function. Penile length was measured using the technique described by Wessells et al. 16 With the patient in the supine position, the glans was grasped and pulled to full stretch at 90° from the plane of the body. A rigid ruler was used by pressing down on the suprapubic fat pad to the pubic bone, and the penis was measured dorsally to the corona or meatus depending on physician preference.
In all patients, grafting was carried out using a lyophilized bovine pericardium patch (Peri-Guard® Synovis Surgical Innovations). Plaque excision and grafting of the tunical defect were performed by a single surgeon.
Surgical procedures and technique
Once patients had demonstrated at least 6 months of stable disease, and after checking curvature by photography or induction with prostaglandin injection (20 μg), the SHIM was administered to verify good erectile function. Patients meeting inclusion criteria were then admitted on the day of surgery, which was performed under spinal anesthesia. Cefazolin (2 g, iv) was administered as antibiotic prophylaxis; anti-thrombosis prophylaxis was not used. A 16 Fr Foley catheter was placed in the sterile field and the penis was degloved using a subcoronal incision (Figure 2) . The neurovascular bundle was carefully dissected using a bipolar scalpel when necessary and was released with scissors and a cold scalpel to avoid damage to blood vessels and nerves (Figure 3) . Subsequently, an erection was induced by injecting saline into the corpus cavernosum to characterize the severity of curvature and plaque dimensions. Plaques were marked and excised in their entirety using the geometric technique described by Egydio et al. 17 ( Figure 2) . Care was taken to avoid injury to underlying cavernosal tissue. After the neurovascular bundle was freed and the plaque excised (Figure 3) , the pericardial graft material was soaked in abundant saline solution for at least 5 min to ensure thorough cleansing before being cut to a size 2-3 mm larger than the defect (Figure 4 ) and secured using a synthetic absorbable sterile surgical suture at the corners and the intercavernous septum ( Figure 5 ). A continuous suture was then performed using monofilament synthetic absorbable surgical suture 4-0 with the penis maximally stretched throughout. Patch fitting and correction of the curvature was checked (Figures 6 and 7) . Additional minor plications were occasionally used to ensure the minimum possible degree of curvature. The overlying layers of penile fascia were closed one by one and a light pressure dressing was applied for 4 days, at which point it was changed and a new one applied for a further 4 days.
Patients continued prescribed antibiotics for 7-10 days after the intervention and were instructed to abstain from intercourse for 6 weeks. They were also prescribed 5 mg daily of tadalafil to be taken at night for 3 months. Patients were further instructed to use a vacuum device without the constricting ring for 10 min, 3 times per day, starting approximately 2 weeks postoperatively for 3 months.
Baseline data collected included demographic characteristics, plaque location (ventral, dorsal, lateral), angle of curvature, co-morbidities, and the SHIM. Patch size was recorded during the intervention and surgical outcomes assessed were degree of curvature, penile size, capacity to perform successful intercourse with or without concomitant treatment (PDE-5i, alprostadil, penile prosthesis), and complications classified as: necrosis, ischemia, edema, infection, loss of sensation, or others. Capacity to perform successful intercourse was assessed using question three of the Sexual Encounter Profile (SEP), i.e., "Did your erection last long enough for you to have successful intercourse?" Satisfaction with the procedure was assessed by asking the patient whether he would be willing to undergo the intervention again. Multivariate analysis was used to determine whether there was a relationship between patch size and erectile dysfunction or between any of the other variables recorded and the need for additional treatment for erectile dysfunction. 
RESULTS
Median patient age was 50 years (IQR 48-52). High blood pressure was the most frequent co-morbidity (11/43 patients), followed by high cholesterol (4/43), diabetes mellitus (2/43), and hypertriglyceridemia (1/43). Plaque location was dorsal in 29 patients (67%), lateral in 9 (21%), and ventral in 5 (12%). The angle of curvature varied from 65° to 95°, with a mean of 78 ± 8°. Mean patch size was 12.8 ± 5.2 cm 2 . Mean flaccid penis length before the intervention was 11.4 ± 2.7 cm. The preoperative variables of the patients are resumed in Table 1 .
Patients were followed up for a mean of 14 ± 6 months. Two patients were lost to follow-up as they returned to their countries of origin after the operation. The outcomes presented, therefore, refer to the remaining 41 patients. The results are summarized in Table 2 . By the end of follow-up, pharmacologically induced erection showed that complete penile straightening was achieved in 33 patients (80.5%), 5 had a curvature of <20° (12.2%), and 3 had a curvature of >20° (7.3%). Two weeks after surgery, mean flaccid penile length was 11.2 ± 2.8 cm and 3 months later, after stretching therapy with the vacuum device, it was 12.1 ± 2.9 cm. The differences in penis length from baseline at both these time points were not statistically significant (P = 0.18 and 0.062, respectively).
In order to achieve successful intercourse during follow-up, as assessed using question 3 of the SEP questionnaire, 31 of 41 patients (75.6%) did not require any further treatment, 8/41 (19.5%) required PDE5 inhibitors, 1 (2.4%) required alprostadil, and one patient (with diabetes mellitus) required a penile prosthesis ( Table 2) .
In terms of satisfaction with the procedure, 35 of 41 patients (85.4%) stated that they would elect to have the surgery again, while six said they would not (one patient with penile prosthesis, one patient who required alprostadil, three patients with curvature >20°, and one patient who reported finding the procedure too time-consuming). In the sterile field, and after washing in abundant saline solution, the lyophilized bovine pericardium patch was measured to provide a patch 2-3 mm larger than the defect. There was no evidence of tissue rejection or infection. One patient suffered ischemia of the glans, one penile edema, and two reported a loss of sensation. There was no relationship between patch size and erectile function assessed using SHIM responses nor any relationship between any of the other variables assessed and the need for additional treatment for erectile function. There was no evidence of patch retraction in any of the patients.
DISCUSSION
Current treatment guidelines for Peyronie's disease recommend tunical incision, preferably with grafting, as an appropriate treatment option in men with curvatures over 60° and good erectile function.
14 A wide variety of options are available for grafting materials though currently available materials can be classified into one of three types: autologous graft materials, allografts/xenografts, and synthetic grafts. 18 At present, there is no clear evidence for selecting one type of graft material over another, though the ideal characteristics of any graft material include being easily manipulated, with high tensile strength, a low risk of infection, minimal inflammation, and low antigenicity risk, as well as being available in different sizes, and for a reasonable cost. 19 In the present series, a lyophilized bovine pericardium patch was used for grafting. The outcomes achieved were highly satisfactory, with 75% of the patients treated not requiring any further treatment, either pharmacological or surgical, to achieve successful intercourse. Complete penile straightening was achieved in 80% of patients and penile length increased by approximately 1 cm though the difference was not statistically significant. These results compare favorably with the previous series. For example, Chun et al. 20 in a comparison of dermal and cadaveric pericardial grafts used in a modified Horton-Devine procedure, reported that of 22 patients reporting successful coitus after the intervention, 15 (63%) needed assistance to achieve an erection which was sufficiently rigid for satisfactory coitus, which is a substantially higher proportion of patients requiring assistance than in this study. Eight patients also reported recurrent curvature. In the series reported by Kovac and Brock 21 which had a substantially longer follow-up time, and which compared dermal, pericardial, and small intestinal submucosal grafting, self-reported resolution of penile curvature was recorded in 60% of dermal, 100% of Tutoplast, and 76.9% of Stratasis graft recipients; Stratasis patients also maintained presurgery length and rigidity to a greater extent than the other patients.
Leungwattanakij et al. 22 also reported on the long-term follow-up of patients receiving a pericardial graft in surgery for Peyronie's disease. After a mean follow-up of 30 months, the three patients who had received prosthesis continued to report excellent sexual function. Of those who did not receive prosthesis, the patients with a small initial plaque size continued to do well while those with large plaque size reported difficulty maintaining an erection due to venous leakage. In our study, none of the variables studied, including patch size (which could serve as a proxy for plaque size, given that plaque size was not recorded), were associated with poorer outcomes in terms of sexual function and improvement in curvature, and only one patient required a penile prosthesis. Other similar series reported rates of 98% 23 and 88% 24 of patients with successful penile straightening and 30% with some degree of ED requiring pharmacological assistance for intercourse. 23 Hellstrom and Reddy 25 also reported resolution of penile curvature in all 11 patients studied, allowing for normal sexual function after a mean follow-up of 14 months.
As in this study, previous studies using pericardial grafts reported no evidence of tissue rejection, infection or other graft related adverse events; and those that included patient satisfaction as an outcome variable reported similarly high rates of satisfaction to the 85% of patients in the present series who stated that they would be willing to undergo the intervention again. The patch used has several advantages over other types of the patch including the fact that a further incision is not required to obtain and, because it is easy to use and does not require extensive preparation, its use helps expedite the surgical procedure. It is also not costly and, therefore, does not add substantially to the costs of the intervention.
Obviously, the high rates of successful outcomes and satisfaction with the procedure will be likely due to some extent to the fact that this is a carefully selected population. Only those patients meeting a set of quite strict criteria were scheduled for surgery. It remains to be seen whether relaxing those criteria would lead to poorer outcomes. On the other hand, the postintervention period in which patients are exhaustively monitored and controlled to ensure that they adhere appropriately to follow-up treatments is also crucial. Those treatments include 3 months of treatment with tadalafil 5 mg per 24 h, 3 times daily use of a vacuum device without a ring to produce erections lasting 5 s, and repeated mechanical traction using a penile extender; monitoring those treatments means that the patient's progress is carefully assessed and that patients are highly motivated and involved in their recovery. Those treatments likely played a role in the mean 1 cm of penis enlargement seen in this study, although the result was not statistically significant. The descriptive nature of the present study is clearly a limitation in terms of ascribing the successful outcomes and lack of adverse events to a specific surgical approach or the use of one particular graft material. However, this study does add to the accumulating evidence regarding the highly satisfactory performance of pericardial graft materials in the surgical treatment of patients with PD. The number of patients included was likewise not large, though larger than some earlier series, and acceptable when considering that only one type of patch was studied. In future studies, it might also be interesting to include measures of overall quality of life to understand the impact of this type of intervention on a broader range of dimensions, including mood and well-being.
CONCLUSIONS
Plaque excision and grafting of the tunical defect with lyophilized bovine pericardium appeared to be a safe and effective treatment in this cohort of selected patients with PD.
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